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ABSTRACT 


1 . Preliminary  analysis  of  36  current  meter  records,  from  18  arrays  in  the  eastern  Caribbean 

showed  wide  variation  in  mean  speed  ranging  from  less  than  1 cm/sec  near  St.  Croix  and 
Vieques,  to  a maximum  of  about  90  cm/sec  between  St.  Lucia  and  St.  Vincent  at  a depth  of  45 
meters.  Ten  of  the  records  had  significant  tidal  current  signatures  with  maximum  amplitude  of 
i . the  M2  constituent  attaining  approximately  24  cm/sec  at  590  meters  between  St.  Lucia  and  St. 

Vincent.  Data  were  recorded  during  all  four  seasons  at  depths  ranging  from  45  meters  to  1910 
r • meters. 
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INTRODUCTION 


During  the  period  1967-1972  the  U.S.  Naval  Oceanographic  Office  (NAVOCEANO)  in- 
stalled and  recovered  numerous  current  meter  arrays  in  the  eastern  Caribbean  Sea  region.  A care- 
ful review  of  all  available  archival  tapes  and  films  indicated  that  55  current  meter  records  from 
23  arrays  could  be  analyzed  as  time  series  data.  Smith  (1974)  reported  on  11  of  these  records 
from  Anegada  Passage,  and  Banchero  (1971)  reported  on  8 records  from  Beata  Ridge.  This  tech- 
nical note  summarizes  the  initial  processing  of  the  remaining  36  records  from  18  arrays  (Figure  1, 
Table  1). 


OCEANOGRAPHIC  BACKGROUND 
Climatology 

The  Caribbean  Sea  area  lies  in  the  zone  of  easterly  trade  winds  which  are  highly  persistent 
throughout  the  year.  Moving  in  a clockwise  direction  around  the  Azores  Hi^  they  produce, 
throuf^out  the  year,  a prevailing  wind  field  that  varies  between  northeast  and  southeast  depend- 
ing upon  season  and  location.  Northeasterly  winds  persist  during  autumn  and  winter  and  easterly 
winds  persist  during  spring  and  summer.  Maximum  prevailing  wind  speeds  usually  occur  from 
mid-summer  through  winter,  with  speeds  averaging  between  8-12  knots  during  most  of  the  year, 
except  during  occurrence  of  tropical  storms  (May  through  November)  when  speeds  in  excess  of 
33  knots  may  occur. 


General  Surface  Circulation 

The  main  feature  of  the  surface  circulation  in  the  Caribbean  Sea  is  the  warm  westward  set- 
ting Caribbean  Current  which  is  formed  from  the  junction  of  the  North  Equatorial  Current  and 
the  Guiana  Current.  Since  the  north-east  trade  winds  are  the  main  driving  force  fmr  the  North 
Equatorial  Current  and  the  Guiana  Current,  the  Caribbean  Current  varies  seasonally  with  the 
trades  (Figure  2).  The  Caribbean  Current  attains  its  maximum  surface  velocity  during  summer 
(June-August)  and  its  minimum  during  October  and  November.  The  current  eventually  flows 
through  the  Yucatan  Straits  contributing  to  the  circulation  within  the  Gulf  of  Mexico  and  the 
Florida  Current.  The  maximum  flow  of  the  Caribbean  Current  (38  to  43  cm/sec  with  peak  of 
135  cm/sec)  is  located  200  to  300  km  north  of  the  Venezuelan  Coast  with  most  of  it  entering 
the  Caribbean  Sea  in  the  straits  north  and  south  of  St.  Lucia  (Fairbridge).  llie  main  flow  crosses 
the  Jamaica  Ridge  south  west  of  Jamaica,  sets  west  in  the  Cayman  Basin  and  then  north  again 
through  the  Yucatan  Strait  (Figure  1).  Thus,  the  main  axis  of  the  Caribbean  Current  sets  across 
the  Caribbean  Sea  from  east  south  east  to  west  northwest.  Mean  annual  prevailing  surface  circu- 
lation is  shown  in  Figure  3.  Stalculp  (1971),  Wust  (1964),  and  Gordon  (1967)  indicate  that  the 
main  source  of  water  entering  the  Caribbean  Sea  flows  through  the  Lesser  Antilles  with  most  of 
the  volunu'  transport  going  through  Grenada  Passage. 


Tides 

Tides  in  the  Caribbean  Sea  are  generally  characterized  as  mixed,  except  in  a small  area  south 
of  Puerto  Rico  where  the  tides  are  strongly  diurnal.  Along  the  northern  and  eastern  boundaries 
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of  the  Caribbean  Sea,  the  mixed  tides  have  a strong  semi-diurnal  component.  An  exception  to 
this  is  in  the  vicinity  of  Fort  of  France,  Martinique  where  a strong  diurnal  component  is  present. 
Tide  ranges  throughout  the  Caribbean  are  small  with  spring  ranges  not  exceeding  1 meter. 


Topographic  Features 

The  Caribbean  Sea  region  falls  into  two  natural  bathymetric  sub  divisions:  A western  basin, 
consisting  of  the  Yucatan  Basin  (depth  > 5000  m)  and  the  Cayman  Basin  (depth  > 6000  m),  ly- 
ing between  the  Yucatan  Channel  and  the  Jamaica  Ridge,  and  an  eastern  basin  consisting  of  ^e 
Columbia  Basin  (depth  > 4000  m)  and  the  Venezuela  Basin  (depth  > 5000  m),  lying  between 
the  Jamaica  Ridge  and  the  Antillean  Arc. 

The  western  basin  connects  with  the  Atlantic  to  the  north  through  the  Windward  passage 
(depth  > 3000  m)  and  the  eastern  basin  connects  with  the  Atlantic  through  Anegada  (depth 
1500  2000  m)  ar»d  Mona  passage  (depth  less  than  1000  m).  The  Yuc  atan  Strait  (depth  just  over 
2000  m)  is  the  major  outlet  for  the  Caribbean  Sea  region.  The  major  topographic  features  are 
siiown  in  Figure  1 


INSTHUMKNTATION 

tieodyne  ty[)e  A 101  current  meters  were  used  on  each  array.  Tlie  operation  and  physical 
characteristics  of  these  instruments  has  been  describ«;d  exU-nsively  in  the  literature  (e.g.,  Guthrie, 
1974).  Impluni  and  recovery  procedures  were  essentially  as  described  by  (iuthrie  (ref.  cit). 


I DATA  I'RESFNTATION 

Fach  t;urrent  meter  record  within  an  array  is  presented  in  the  form  of; 

• Bivariate  frequency  distribution  of  current  spe»*d  and  direction. 

• Histogram  of  speed.  The  hatched  area  on  the  histogram  indicates  the  percent  of  speeds 
which  were  0 cm/sec.  Class  interval  is  either  5 or  10  cm/sec. 

• Direction  histogram. 

< • Composite  of  cumulative  speed  plots  for  all  meters  of  an  array. 

f. 

I • Progressive  vector  plot  averaged  every  12  hours  to  indicate  the  mean  drift.  S indicates 

the  starting  point. 

• Rotary  energy  spectra  of  the  horizontal  current  field. 


DESCRIPTION  OF  MEASURED  CURRENTS 

Considerable  variation  in  mean  speed  was  found  throughout  the  area  and  ten  of  the  records 
indicated  significant  diurnal  and  semidiurnal  tidal  current  oscillations.  Table  2 contains  mean 
current  speeds  and  directions  for  each  record.  Greatest  mean  current  speeds  were  measured  at  a 
depth  of  45  m at  arrays  4,  5,  6,  and  7.  At  this  depth  the  current  prevailed  in  a northwesterly 
I set  attaining  maximum  speed  of  about  89.8  cm/sec  at  array  5. 


Table  3 contains  the  results  of  harmonic  analysis  of  records  which  had  at  least  30  percent 
of  the  variance  of  one  component  due  to  tidal  frequency  motion.  The  column  labeled  F in 
Table  3 further  classifies  the  type  of  tidal  current  as  either  semidiurrial,  diurnal  or  a combination 


of  both.  The  northern  sector  of  the  region  (arrays  14,  15,  15A,  15B)  in  Mona  Passage,  and  near 
St.  Croix  and  Vieques  Island,  responds  mainly  to  the  mixed  semidiurnal  oscillations,  while  the 
southern  sector  (arrays  5,  6,  7)  near  St.  Vincent  and  St.  Lucia  appears  to  respond  more  to  the 
semidiurnal  type  of  oscillation  with  the  E-W  component  generally  being  the  strongest  component 
in  both  sectors. 

■ Rotary  energy  spectra  were  computed  for  each  record  using  techniques  which  have  been  de- 

i scribed  by  Earle  (1975).  These  techniques  resolve  vector  current  records  into  clockwise  (cw)  and 

I counterclockwise  (ccw)  energy  spectra.  A comparison  of  these  two  components  at  a particular 

i frequency  may  provide  insist  into  the  direction  of  movement  of  the  current.  Compare  the 

I spectra  at  array  1,  130  m and  array  6,  590  m.  The  symbols  I,  D,  S along  the  bottom  axis  indi- 

cate the  inertial,  diurnal  and  semidiurnal  frequencies  respectively.  At  array  1 at  the  S frequency 
most  of  the  energy  is  clockwise,  while  at  array  6,  at  the  same  frequency,  there  is  almost  equal 
division  of  energy  between  clockwise  and  counterclockwise  direction.  Tidal  frequency  currents 
rotate  clockwise  at  array  1,  130  m and  are  rectilinear  at  array  6,  590  m (since  cw  and  ccw  are 
nearly  equal).  This  is  to  be  expected  since  array  1,  130  m,  is  not  in  a constricted  region  but 
array  6,  590  m is.  The  small  graph  above  the  spectrum  labeled  Rotary  Coefficients  provides  an 
estimate  on  the  type  of  rotation.  A value  of  +1  indicates  clockwise  circular  rotation,  a value  of 
-1  indicates  counterclockwise  circular  rotation,  and  a value  near  0 indicates  rectilinear  motion. 
Since  no  band  averaging  was  used  for  spectra  computations  there  are  only  2 degrees  of  freedom 
per  energy  estimate. 
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Location  Chart  (2000  m isobath  from  Sturges,  1966) 
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Figure  3 — Mean  annual  prevailing  surface  circulation 
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CtCT  SAHPlE  OEPTHa  29CH  SAMPLE  RATE  lOMlN  RECORD  LENGTH  ■ 946  HRUXS 


c uj  .j<r  ui 


12.0  NILES 

TINE  INTEHVRL  -l&O  ffiS 
MCL  OF  HOURS  • 9(0 


ENEHCY  DENSITY  - (CM/SEC3 m-D  PER  CPH 


hi 


I 


ac  000000030«4*4»0<»W<0*0'0»lf%eVr«000 


X 'Ov4if\iOv4r^«>iO«^r*>o>oa>r«»c^<Mr>wO^«vitf%^ 

3 «4«4«4«>4,Hv4v4CMMf*>irvv40‘^v4IOC.<»r^r»->«>«4v4v4 

M «-<  ro  irv  ^ H%  CM  «4 


CM  ^ ^ 

«-tl*»  Of  Of 


««>OkOCM«Oi>0^0.. 


t<otf\if\r»ojoj<o<0'0«4irvio 
«WCMO«<0»0 
vCOI  0<  Of  OJ  W 


^ ^ T<  tw  c%i  tv  • V 'v  ••i 

otf^wto  oioomoif\«jtf%utf>  «->io  oir>otf\wtf«  u«n 
oo«r>io«o»  v-ifNiv  lOO-  m c.  w4  m ^ 


C*KIB  EPS  16  93  54K  62  02  4SH  FlL^  ^62  START  TJme  0600Z  06/16/72  HATER  DEPTH 
76C>'  SAnFuE  DEPTHp260f  SAMPLE  RATE  lOMjN  RECORD  LENGTH  (436  HOURS 


BESTIVAIWBIE  COPY 


'O0vi'0<^0ll0«>t9'<»^«-«ir\0v^«00^»0tf\tf%p0«fs. 

•or*-  «-4arN«>o«  c 


lO  C4  w*n  V*t  M 


« m 9» 


04ior>^«-f«>CMif%«oo>r»>'0«  •-•’O  v4»40ii\'0«r».tf>«>cN« 

oi  n*  w io  o«  w wfR»  ♦ «<v  ^ • «o  • 


•-•  tf « n 


• « »f  (4  •«  •«  •«  (O^  •«•••« 


tfs  W tfA  « 4 lit  l.«  «t  W < 6 ««t  « • tf«  e«  III  44  ««\  4.4  lf\  t 4 iTt 

oc«fMip>ir««<9«4«A4«irtr-  m*  • » ^ 

•-4  »4  r4  (4  IA4I<6  »R4«'4  •<44TiI*(l*(^»^4 


72 


API  « «# 
^Oi 
tPMI 


a 

CA 


oc « 

UA  %Ra 


O • 

Ul  tfl 


lO(M  iilC 


€>  «> 
or 

«M  ft 


oooitfstfvfoio'or*' 

WOOOOOOSOOav-trOV  4>00rs.v-4>^C30'l>'^ 

« 4 v-4  rt 


c3C304<^4>9CMOO>ovov  o«><}«c»> 


«-«wv«r<>^irvtf\«>if\»CN«'Om  v4(^ro 
v4«4C>»ir»«>«W«4 


w^w4  «4  ««  i9<o  r»- o v«  o « » o«  <0  M^r 

w4w4w^w4C>iw^9^w^ 

ii\  ti\  o 

«« «4  ^ v4  «4  «4  «H  «4f^  r^«i»vr»if\c^c:>«>r*-r>>rj 


«f > «-» (•\  c»  M \ o lit  u»  H%  «_» tf % % «->  i«\  w a%  <-»  m «.>  «-•  m (-» 

»-  wio^<«>r'0‘0«v»*>«rt««o«^cvi«ir\»<oo«^r>«« 


Mt  tf\  '.4  tf t ^ut  <-»  at  cj  lit  <-*  tf>  Kt  at  at  o at  i-iot 
«-•ro^a>K<^of^Jr>a^a>«oc^«^lMtla^r<«>o«-lr>« 


T 


7:5 
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NUNPe*;  SPtcU  *v>-n*ij=S  * ^3  pENCENTASt  /ER8  SPcEC  AVERAGES 

TSTAj.  fsLPPbn  flr  3<5.  * ef2 


TtTAL  KCXei 


NUMHE^  ff  SPgcO  4VE"*S=b  » 345  PfHCENTAGE  ZE»0  S^feEC  AVERAGES 

TCTAl  AUrPEH  HP  jna.  * 3733 


-<ozmcor^3“n  m<— «®r'm3D 
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